Background: It is difficult to obtain detailed information on non-participants in physical and health examination checkups in community-based epidemiological studies. We investigated the characteristics of non-participants in a physical and health examination checkup for older adults in a nested study from the Japanese Kyoto-Kameoka Longitudinal Study.
Background
In 2014, the life expectancy at birth was on average 86. 8 years for women and 80.5 years for men in Japan [1] . In line with the fact that Japanese life expectancy is the highest in the world, the total amount of nursing care costs in fiscal year 2013 was 9.2 trillion yen (81 billion USD), due to the aging of Japanese society [1] . The Japanese government encouraged the promotion of community based multi-faceted approaches to prevent longterm care in the Integrated Community Care System [2] .
The importance of lifestyle interventions in preventing long-term care is well-known [3] [4] [5] . Several studies investigating life-style interventions for independent life for older people have reported positive effects on physical ability [6] [7] [8] , well-being [7, 9] , and mental well-being [9] . A previous article reported that a lifestyle-based physical activity program resulted in a 640.4 USD/year lower cost of total medical expenditure in the intervention group as compared to the control group [10] . However, one review article indicated that the initial participation level in physical activity programs for people aged 55 years or older ranged from merely 1.4 to 16.2% (mean = 9.2%), among five programs with durations ranging 1 to 6 months [11] . Another review article indicated that the very elderly, older people from black and minority ethnic groups, and older people living in deprived areas encountered barriers to being recruited for and engaging in health promotion interventions and related research [12, 13] . One previous Japanese study provided evidence that non-regular participants who attended a sports group once or twice a month, a few times a year, or never were more likely to have certain sociodemographic (i.e., lower educational level, being employed, and having worked primarily in the agricultural/forestry/fishery industry) and biopsychosocial characteristics (i.e., poor self-rated health and depression) [14] . Therefore, it is important to consider social and environmental support so that older people can engage in health promotion interventions [3, 5, 13] . However, previous reviews have indicated that there is still no high-quality evidence regarding the effectiveness of different approaches for older people who experience barriers to enrolling in health programs, including those in Japan [5, 13] . We hypothesize that poor sociodemographic, physical, and psychological factors may discourage older inhabitants from participating in community-based health programs. Thus, we examined the characteristics of non-participants compared with participants in the intervention program, including sociodemographic, physical, and psychological factors in community-based health programs in Japan.
Methods

Study participants
Kameoka city is located in the central area of Kyoto Prefecture, about 25 km west of Kyoto City (Fig. 1) [15]. The Kyoto-Kameoka Longitudinal Study in the city has been described previously [16] . This study has been conducted since July 29 th , 2011 with the Needs in the Sphere of Daily Life (NSDL) survey created by the national government's Ministry of Health, Labour and Welfare, modified for the present study [16] , as a baseline (Fig. 2) . The NSDL survey was given to 16,474 people aged 65 years or older without indication of long-term care need that was registered by the city office. From the 12,054 responders, the research office formally mailed an invitation for a free physical checkup examination in February 14 th , 2012 to the 4831 responders (28 of 4859 residents died before the physical checkup) who lived in 10 randomly selected intervention regions, from a total of 21 regions. The physical checkup was a one to three-day event in each region at the community center, depending on the region's population, as part of the population-based comprehensive geriatric intervention program for preventing long-term care. The flyer described the checkup duration (approximately one hour of total) and measurement items to assess their mobility ability and fitness, including: right front thigh muscle thickness, grip strength, maximum isometric right knee extension strength, and their usual and maximum physical functions. After the invitation, 1463 participants (participation rates 31.6% in men, 28.9% in Considering the distribution, age-adjusted participation rates were 31.8% in men and 27.4% in women, calculated by multiplying crude participation rates and the population of Kameoka city (taken from the population statistics in July 1 st , 2011 [17, 18] among each age category (65-69, 70-74, 75-79, and ≥80 years) in men and women. Therefore, the final sample comprised 3368 people (1509 men, 1859 women) in the case group of non-participants in the physical checkup, and 1463 participants (706 men, 757 women) in the control group who did participate.
Explanatory variables
Sociodemographic variables proposed to be social determinants of health were employed as explanatory variables from the self-reported questionnaire (Additional file 1: Table S1 ) [18] . First, age, calculated from the resident's date of birth registered in the city office, was classified into bins of 65-69, 70-74, 75-79, and ≥ 80 years. Social status variables included family structure (with someone or others / living alone), living with spouse (yes / no), alone at home: spending a day at home alone all day (rarely / frequently), and educational attainment (≥13, 10-12, or ≤9 years). The questions regarding "living with spouse" and "alone at home" were only for people who reported living with someone or others. Here in Japan, most citizens can receive the National Pension (basic pension) after they turn 65 years old. According to their occupations, residents are classified into three levels of the National Pension: Category 1 is for residents aged 20 to 59 years who are not Category 2 or 3 insured persons (e.g., selfemployed persons, farmers, or students); Category 2 combines Employees' Pension Insurance for private company workers or Mutual Aid Pension for public employees and private school teachers and employees with the basic pension; and Category 3 is for dependents of the spouse who belongs to insured Category 2 [19] . In this study, we grouped pension levels into three categories: the National Pension (Category 1), the Employees' Pension (Categories 2 and 3), and no pension or other pensions. Other economic variables examined included (subjective) economic difficulty (yes / no), current employment (working / not working), and automobile access (yes / no). Health-related questions included: interest in health topics (yes / no), self-rated health (good / poor), and smoking status (never, past, and current). To assess whether an individual participates in community activities, we coded this variable as "yes" when residents answered affirmatively to participating in at least one of the following activities: local events (e.g., festivals and dances), community associations, hobby activity groups, senior citizen clubs, volunteer groups, and other groups. Population density (city ≥1000 / province <1,000 people/km 2 ) was also assessed.
Assessment of frailty by the Kihon checklist
The Kihon Checklist (KCL) is a well-validated tool for the screening of long-term care needs for communitydwelling older residents who have difficulties with selfsupport. In Japan, the KCL has being widely used to assess frailty [20, 21] . The KCL consists of 25 items and has seven sections. A total KCL score of ≥7 points was defined as suggesting frailty and a high risk of needing long-term care (Additional file 2: Table S2 ). Each of the seven sections of KCL also have cut-off points for assessing frailty based on norms proposed by previous reports [22] [23] [24] : ≥3 for instrumental activities of daily living (IADL), ≥3 for physical function/strength, 2 for malnutrition, ≥2 for oral function, ≥1 for socialization (being housebound), ≥1 for memory, and ≥2 for mood.
Statistical analysis
To analyze differences in the characteristics of nonparticipation versus participation in the physical checkup, we used a chi-square test for categorical variables. In consideration of the gender difference in participation rates, we analyzed separately by gender. We also estimated the adjusted odds ratios (aOR) and 95% confidence intervals (CI) for non-participation using a multiple logistic regression model. Possible sociodemographic factors for non-participation of health checkup were extracted: age (65-69, 70-74, 75-79, and ≥80 years), social status (family structure, living with spouse, alone at home, and educational attainment), economic status (economic difficulty, pension, current employment, and automobile access), health conscious (interest in health topics, self-rated health, and smoking status), community activities (yes / no), and population density (city / province). In Model 1, analyses for each variable were adjusted for all sociodemographic variables we collected. In Model 2, the total score for the KCL was added to Model 1. The association of nonparticipation with seven types of frailty (IADL, function/ strength, malnutrition, oral function, socialization, memory, and mood) was analyzed in addition to the total KCL score. In the analysis with the KCL score, Model 1 was adjusted for all sociodemographic variables. The seven types of KCL were added to Model 1 in Model 2, in order to investigate which types were primarily associated with non-participation. All extracted factors were categorical variables. We used unknown (missing) variables including either merely missing or "no response," purposefully. The variables estimated the aORs of nonparticipation in each sociodemographic status and frailty level to compare better sociodemographic status and lower frailty levels as the reference groups. Calculations and statistical tests were performed using the STATA software, version 14.0 (StataCorp LP, College Station, TX). All statistical tests were 2-sided and p-values <0.05 were considered statistically significant.
Results
As can be seen in Table 1 , the proportion of nonparticipation in women was higher than men (non-participation 1509, 68.1% in men; 1859, 71.1% in women). The proportions of non-participation of those in lower socioeconomic groups had a tendency to be higher than that of those in the higher socioeconomic groups ( Table 1) .
As shown in Table 2 , older adults with higher total and sub-score KCL, defined frailty, were more likely to be non-participants, regardless of sex ( Table 2) . Tables 3 and 4 show the adjusted odds ratios for nonparticipation per sociodemographic status among men and women, respectively. First, 75-79-year-old men had a significantly lower aOR of non-participation compared to that of the lowest age group (65-69 years) in the fully adjusted Model 2 (Table 3 ). Among men, we observed significant, inverse associations between 'frequent' group in the alone at home and non-participation, as compared to 'rarely' group (aOR = 0.53, 95% CI: 0.40, 0.70) ( Table 3) . Individuals with ≤9 years of educational attainment were more likely to be non-participants (aOR = 1.52, 95% CI: 1. 15, 2.01) compared those with ≥13 years. In terms of significant economic predictors, being on 'the National Pension' compared to 'the Employees' Pension' and 'No' group of automobile access indicated more likely to be a nonparticipant (aOR = 1.30, 95% CI: 1.04, 1.63 in the National Pension; aOR =1.32, 95% CI: 1.00, 1.74 in automobile access). Having lower levels of all three types of health consciousness showed significantly positive associations with non-participation (aOR = 1.69, 95% CI: 1.23, 2.33 for 'No' of interest in health topics; aOR =1.68, 95% CI: 1.27, 2.22 for 'poor' in self-rated health; aOR = 1.62, 95% CI: 1.19, 2. 21 for 'current' in smoking status). Individuals who were not engaged in community activities, 'No' group, were more likely to be non-participants, compared to than those who did not engage in any such activities (aOR = 1. 94, 95% CI: 1.54, 2.44).
Whereas in women, higher age-groups (≥80 years) had a significantly higher aOR of non-participation compared to that of the lowest age group in Model 2 ( Table 4) . The 'alone' in family structure showed an inverse association of non-participation than 'with someone or others' , but not significant (aOR = 0.78, 95% CI: 0. 60, 1.01) ( Table 4 ). The aOR of non-participation for individuals who responded with 'frequently' to living alone at home was significantly lower than those who responded with 'rarely' (aOR = 0.67, 95% CI: 0.50, 0.88). Having no interest in health topics and current smoking status in health conscious both exhibited a positive relationship to non-participation, compared to health topics interest and having never smoked (aOR = 1.78, 95% CI: 1.09, 2.93 in 'No' of interest in health topics; aOR = 2.71, 95% CI: 1.50, 4.90 in 'current' of smoking status). The non-engagement in community activities, 'No' group, showed a positive relationship with non-participation, compared to the engagement group (aOR = 3.30, 95% CI: 2.62, 4.15).
Following results suggesting an association between frailty assessed by KCL and non-participation among men (see Table 5 ) and women (see Table 6 ), lower level of IADL and physical function/strength were positively associated with non-participation than higher levels in both men and women ( The high significant odds ratios for non-participation were observed on unknown variables concerning living with a spouse among both genders educational attainment for men; KCL mood subscore in Model 1 for men; and KCL malnutrition subscore in Model 1 for women, and a negative association with unknown variables was observed in "alone at home" for men. The results excluding unknown variables were not different in the current results with unknown variables but were statistically unclear in some part of the results (data not shown).
Discussion
To our knowledge, only a few studies have examined what characteristics distinguish non-participants in faceto-face health and physical checkup due to the of lack of detailed data on non-participants. We found that older Japanese adults who were non-participants in a community conducted physical checkup had poorer sociodemographic backgrounds, in addition to greater frailty as indicated by the IADL and physical functioning/strength and aging in women. Specifically, an increase in each of the following factors was linked to a 1.32-3.30-fold increase of non-participation: (for men) lower educational attainment, being on the National Pension (versus the Employees' Pension), lack of automobile access, poor self-rated health; (for both sexes) no interest in health topics, current smoking, and lack of participation in community activities. On the other hand, for both sexes spending alone at home frequently while living with someone or other family structure was associated with a 0.53-0.67-fold decrease in non-participation was compared to those who were rarely alone at home. Furthermore, when IADL and physical functioning/ strength were at a low/impaired level, the odds ratio of non-participation indicated a 1.35-2.42-fold increase compared to those who were at a higher/less impaired level, for both sexes.
To assess consistency, our current findings were compared with other previous research. The overall participation rates were higher in the current study (31.9% in men, 28.9% in women) as compared to rates in five similar studies (range 1.4-16.2%) reported from the previous review [11] . In our study, all individuals eligible to participate in the checkup had already responded to a mail survey at baseline, which may have driven our relatively higher participation rates [11] .
Interestingly, we found that when individuals living with someone or other family structure were nevertheless often alone at home, these individuals were in fact relatively more likely to attend the physical checkup. One reason cohabiting individuals who nevertheless spend much time alone might attend the checkup would be for social exchange and conversation with neighbors or staff. It should also be noted that the opportunity to participate in physical checkups may help individuals who were low in socialization to go outside. The physical checkup is expected to be a significant opportunity for social exchange and preventing the situation of being housebound among older residents.
The current results were in the line with the previous research observing an association between poor socioeconomic status and non-participation in health programs and health checkups in middle age and older populations [14, [25] [26] [27] . For instance, lower educational attainment has been consistently found to predict non-participation in sports groups among Japanese older people [14] . While, a previous study was no association between educational level and participation in a health checkup for Germans aged 35 years or older [27] . The relatively large number of women with low educational attainments in our study All unknown (missing) variables were included either merely missing or "no response" on purpose may have attenuated the impact of this association in the current study. Qualitative research has found that possible barriers to the participation in physical activity programs include unavailability of access, cost, convenience of physical activity programs, and physical limitations due to health conditions [25] . The current results suggest that non-participants were more likely to reside in provincial area and men who were unlikely to use automobiles and thus could expect poor accessibility, thereby depriving them of the opportunity to participate in the physical checkup. These findings indicate that economic status impacts participation in health programs more for older Japanese men than for women. Health consciousness, including self-rated health, interest in health topics, and smoking status may distract older people from acting out healthy behaviors (i.e., All unknown (missing) variables were included either merely missing or "no response" on purpose participation in physical activity program). A similar trend was observed in prior research, in which a significant association emerged between poor self-rated health and lower attendance of a health checkup among Australians aged 20 years or older (population aged 65 years or older was 44.5% in men) [26] . An association between social participation and a high level of self-rated health has also been found previously [28] . Participation in a community based health program can be regarded as a type of social participation [28] [29] [30] . Thus, it could be that individuals with poor health consciousness have low motivation for social participation, and thus not participated in a physical checkup.
In a cross-sectional study, it was found that participation in community and social activities was significantly associated with engaging in physical fitness study [31] . Participants who engaged in a social activity had higher levels of locomotive function [31] . A longitudinal study also found that social participation among older Japanese people, including social activity, was associated with a lower risk of functional disability [29, 30] . It may be that participants who do not participate in social activities hesitated to participate in the physical checkup due to their low level of physical functioning.
It has been reported that characteristics of participants differed from the strengths and the contents of physical activity programs (i.e., gardening or yard work, walking, and sports or exercise) according to gender and functional health [32] . Qualitative research also suggests that physical limitations due to health conditions were a potential barrier to participation in physical activity programs [25] . Literature reported the negative association between regular participation in sports groups and IADL level [14] . Indeed, our study found a significant association between participating in no community activities and being a nonparticipant. Although this study cannot determine causality, it links anxiety related to low physical function level to both lower participation in community activities and nonparticipation in physical checkups. In addition, aging, which was associated with frailty, may more predict nonparticipation in a physical checkup in women as compared to that in older men, according to the present results. It is said that older women get a muscle damage and low grip strength with aging more easily than older men [33] . Model 1, adjusted for age (65-69, 70-74, 75-79, and ≥80 years), family structure (with someone or others, alone, unknown), educational attainment (≤9, 10-12, ≥13, and unknown years), economic difficulties (yes, no, and unknown), pension (National Pension, Employees' Pension, others or nothing, and unknown), automobile access (yes / no), interest in health topics (yes, no, and unknown), self-rated health (good, poor, and unknown), smoking (never, past, current, and unknown), social participation (yes / no), and population density (city / province) c Model 2, Model 1 + total score of Kihon checklist (<7, ≥7, and unknown) d These results were indicated 2, 093 men among those who were 'living with someone or others' in the family structure. These weaknesses of muscle with aging would hinder older women in participation of physical checkup. In the current study, it might have been hard for more frail individuals (as indicated by IADL and physical functioning/ strength) and frail women due to aging to engage in several tests of physical fitness over one hour. In addition, accessing the location of the program may have been difficult for frail individuals. However, our findings are also inconsistent with some of those reported in previous studies. While we did not find a significant relationship between unemployment and participation, Yamakita et al. reported a significant association of unemployment with non-participation in sports activities [14] . However, while not statistically significant, among men in the study, the effect was in the same direction (i.e., unemployment predicting nonparticipation). Among women, limited number of participants who were 'working' in the current employment might result in the unclarified association. In our study, current mood was assessed by the KCL with 5 items, while Yamakita et al. assessed depression with the 15-item Geriatric Depression Scale-15 [14] . Therefore, differences in measurement may explain the different associations.
It should be noted that part of unknown variables were positively associated with the non-participation in this study. Although we could not clarify the reason, the missing variables may have a link with the latent background of non-participation.
The possible assessment of our findings could be described as below. Cornwell et al. indicate that social isolation consists of a lack of social support and feelings of loneliness [34, 35] . When older people feel loneliness due to poor sociodemographic status and physical frailty, fears of social participation may hinder their motivation to participate in a physical activity program. To prevent health inequality, it is necessary to enhance social support of non-participants so that they can have the opportunity to attend health programs.
The main strength of this study is that our findings indicated that poor sociodemographic status and physical frailty may cause non-participation, as the physical Model 1, adjusted for age (65-69, 70-74, 75-79, and ≥80 years), family structure (with someone or others, alone, unknown), educational attainment (≤9, 10-12, ≥13, and unknown years), economic difficulties (yes, no, and unknown), pension (National Pension, Employees' Pension, others or nothing, and unknown), automobile access (yes / no), interest in health topics (yes, no, and unknown), self-rated health (good, poor, and unknown), smoke (never, past, current, and unknown), social participation (yes / no), and population density (city / province) Model 1, age (65-69, 70-74, 75-79, and ≥80 years), family structure (with someone or others, alone, and unknown), educational attainment (≤9, 10-12, ≥13, and unknown years), economic difficulties (yes, no, and unknown), pension (National Pension, Employees' Pension, others or nothing, and unknown), automobile access (yes / no), interest in health topics (yes, no, and unknown), self-rated health (good, poor, and unknown), smoke (never, past, current, and unknown), social participation (yes / no), and population density (city / province) c Model 2, Model 1 + 7 items of Kihon Checklist (< / ≥ with each cutoff point, and unknown) Model 1, age (65-69, 70-74, 75-79, and ≥80 years), family structure (with someone or others, alone, and unknown), educational attainment (≤9, 10-12, ≥13, and unknown years), economic difficulties (yes, no, and unknown), pension (National Pension, Employees' Pension, others or nothing, and unknown), automobile access (yes / no), interest in health topics (yes, no, and unknown), self-rated health (good, poor, and unknown), smoke (never, past, current, and unknown), social participation (yes / no), and population density (city / province) c Model 2, Model 1 + 7 items of Kihon Checklist (< / ≥ with each cutoff point and unknown)
